*The false liquid level of discharge system is an important factor affecting the safety of SBR production process. A soft-sensing model is proposed to monitor the real liquid level of the discharge system. As the auxiliary variables, the feed pressure of manifold PJ, the inlet temperature of the discharge chute T and the pressure of the butadiene separation system PC are selected. PSO-SVM method is used in the soft-sensing model to predict the liquid level of the discharge chute. The strong predictive performance of the model will have a significant effect on the process safety of SBR.
INTRODUCTION
SBR (Styrene-butadiene rubber) is a common synthetic rubber with the highest yield and the largest consumption in the world. With selected additives, SBR is composed of styrene and butadiene by polymerization. Polymerization process is considered to be a dangerous chemical process. Poly implosion and temperature runaway can, for example, easily happen during the process. For this reason, the process is intensively inspected in China and many regulations were issued by the state and local administrations in order to guide and secure the production [1] . In September 2013, an abnormal shutdown happened in a SBR production plant. The reason is that the measuring head of level gauge in the discharge chute was blocked by the high kinematic viscosity materials from the last reactor, resulting in false liquid level. The staff in DCS control room failed to notice the low liquid level in the discharge chute, where the temperature jumped rapidly and the pressure of the butadiene separation and recovery system became too high. All of these caused compressor system in disorder, with rupture of the bursting discs and overflow of butadiene as consequences.
False liquid level is a widely existing problem in the discharge system of SBR production process. The liquid level is measured by an online DCS system. When the discharge chute is clogged, the level gauge tells a false liquid level. If the real liquid level is too high, the punch pulp accident of compressors will happen because of the latex foam phenomenon in the discharge chute; if the real liquid level is too low, the temperature of the discharge chute will jump rapidly, and the normal operation of the production process will be affected. Therefore, it is vital to promptly access the real liquid level to ensure the safety of SBR production process. In this paper, a soft-sensing method based on PSO-SVM is presented to monitor the liquid level of the discharge system. In order to verify the reliability and validity of the method, the measurement results are compared with the actual liquid level.
SBR PRODUCTION TECHNOLOGIES IN BRIEF
The production of SBR can be classified into two processes, namely ESBR (the emulsion polymerization of styrene butadiene rubber) and SSBR (solution polymerization styrene butadiene rubber). ESBR has a long history of development, a mature production and processing technology and a wide range of applications [2] . It accounts for the first place in total SBR production capacity, output and consumption. On the other hand, SSBR is a kind of rubber with many advantages compared with ESBR, such as better adaptability to devices, more varieties of products, higher monomer conversion rate, less emissions, weak demand of additive varieties and so on. Thus, SSBR is developed rapidly, though appeared later. However, in spite of a variety of comprehensive properties, the overall performance and the production cost of SSBR is still inferior to ESBR. The later will be the main product of SBR production for a long time in the future [3, 4, 8] . The mainstream production technology of SBR at present is the low temperature emulsion copolymerization with butadiene and styrene as the main raw material, dicumyl peroxide as the initiator, formaldehyde sodium bisulfate and EDTA ferric sodium salt as the activator, mixed soap of potassium salt of disproportionate rosin and sodium salt of fatty acid as the emulsifier, water as dispersion medium. [5, 6, 9] Together with other unit operations, such as monomer recycle, latex blending (or oil filling), salt-free condensation and after-treatment, the massive SBR is produced [7] . SBR production process is shown in Fig.1 
SOFT-SENSING MODEL
As a general scientific term, 'Soft Measurement Technology occurred in late 1980s. Its basic idea is combining the automatic control theory with information in a production process, applying computer technology by selecting some easily measured variables (auxiliary variables) to form a mathematical relationship to infer or to estimate important variables (led variables), which are difficult to measure or cannot be measured temporarily. This is an approach of using software instead of hardware (sensor) in parameter measurement [10] . The soft-sensing method has characteristics of fast response, giving continuous dominant variable information, low investment and convenient operability.
Support Vector Machines
Support Vector Machines (SVM) [11, 12] is a new algorithm based on the statistical theory to obtain least structural risk. SVM can be used for data classification and regression.
For a nonlinear regression problem [13, 14] , the ɛ insensitive regression support vector machine (ɛ-SVR) is used in this paper. The input vector X is mapped to the high-dimensional space Φ(X), thus the nonlinear regression problem can be converted to a linear regression problem. The regression equation is as follows:
In the equation, w is the weight vector, and b is the intercept. According to the structural risk minimization principle, optimal regression equation of SVM can be represented as following equations
Where ξi and ξi* are slack variables, C is punishment coefficient and ɛ is insensitive loss function.
According to the Lagrange method, the quadratic programming problem can be turned into its dual problem with the dual equations as follows:
Where αi and αi * are the Lagrange coefficients of the quadratic programming problem.
Therefore, the optimal regression equation is as follows
Kernel function can effectively replace the inner product of high-dimensional space. There are four kinds of commonly used kernel function. For regression problems, radial basis function (RBF) is applied more frequently. The function is: ,
For the input vector X, the purpose of the SVM is to find the optimal classification function in the classification problem that satisfies the following conditions
The corresponding form of quadratic programming problem of equation (8) can be written as follows:
The dual problem of equation (9) is as follows,
According to the function above, the best classification function is:
The kernel function can replace the inner product of the function above. For classification problems, the radial basis kernel function can also be used.
Particle Swarm Optimization (PSO)
While a group of random particles are initialized, X and V are the search space of the particle's position and speed, respectively. Xi and Vi are the position respective velocity of the i-th particle in the D-dimensional search space. Pi = (pi1,pi2,…,piD) is the best particle in the search space, and Pg=(pg1,pg2,….,pgD) is the best particle in the particle swarm optimization. According to the following two equations, the position and velocity of the particles are updated continuously. The iteration is repeated until the values meet the predetermined requirement [15] .
(12) (13) In the formula, c and c are two acceleration constants and Ψ is iterative weight.
The SVM Parameters Optimization Based on PSO
There are three parameters (C, σ and ε) for regression problems and two parameters (C and σ) for classification problems to be optimized. Optimization process is as follows [16] : 1. Set the parameters of PSO. Determine the number of particles, the largest number of iterations, two constant accelerations (c1, c2) and the iterative weight. Initialize the velocity and position of the particles. Each species corresponds to a hyperplane parameter.
2. Find the best position of particles Pi. 3. Using SVM to train the difference between verification for each of the candidate particles.
4. Update the position and velocity of the particles by equation (12) and (13). 5. Check whether it is time to stop the iteration. If the maximum number of iteration step is reached or the optimal position meets the requirements of fitness, the iteration can be stopped. Otherwise, return to step (3).
6. List the final hyperplane parameter.
THE SOFT-SENSING OF LIQUID LEVEL IN SBR DISCHARGE SYSTEM

Determination of the Auxiliary Variables and Data Pre-processing
The SBR factory described before has four discharge chute (three in operation, one as backup). In order to establish the liquid level soft-sensing model of the discharge system, the discharge chute B-301 (see Fig. 2 ) connecting the last polymerization reactor is selected for analysis. All real-time input and output parameters, including the feed manifold pressure PJ, the liquid level LPV, the inlet temperature T and the pressure of the butadiene separation system PC, were collected. To forecast the liquid level LPV, three other parameters PJ, T and PC were used as auxiliary variables. Notes： E-301：Header; R-301~309：No.1~9 polymerization reactor; VS-311：Ammonia cooling system; DS：Hot gas used for heating the latex; AF：Defoaming agent; B-301：No.1discharge chute; VS-301: Separation and recovery unreacted butadiene. The data driven soft sensor method needs a large number of sample data to provide enough information in order to establish a precise model. Communication with the staff of DCS control room and the field personnel are essential for data collection. On the one hand, the time of data collection can be determined, which is beneficial to the stability and diversity of the data. On the other hand, the number of the variables in the real-time database related to the operation of the discharge system can be determined correctly [17] . Due to the production process, on-site environment, the device itself and other factors, the collected sample data are not always very accurate. There may be some random error, system error and gross error. Therefore, the sample data should be pre-processed before modeling. The digital filter is used for recognizing the random error and systematic error [18] . Null values of the sample data caused by gross error are eliminated.
200 collections of data of three auxiliary variables PJ T and PC were obtained, of which 155 are applicable after eliminating the outliers and pre-processing the errors.
Soft-sensing Model of the Liquid Level of the SBR
The sample data should be normalized. 144 collections of sample data are selected to train the model and the remaining 11 collections are used as a sample set to inspect the effect of the developed model. As the result, the soft-sensing model of the liquid level in the SBR discharge system is established.
The PSO algorithm is adopted to optimize the hyperplane parameters C, σ and ε, with the method of 3-flod verification. The number of particle is 30. The acceleration constants are c1=1.6 and c2=1.5, respectively. The largest number of iteration is 300 and the iterative proportion of the PSO algorithm is 0.9. 
Model Validation and Discussion
Model validation is a very important part of soft measurement modeling. The correlation coefficient (R), the root mean square error (RMSE) and the mean absolute error (MAE) were applied to the model with the results shown in Table 2 . Table 2 and Fig.4 show that the model can well predict the liquid level in the discharge chute so that the effect of false level can effectively be avoided. All of these prove that the model is reliable and effective. In Fig.4 , a few predicted values differ distinctly from actual ones, probably because of the data shortage in this period, and the learning rule of the PSO-SVM method is poor, therefore the predicted results are not so good.
CONCLUSION
The false liquid level problem in discharge system of SBR product process is analysed, and the soft-sensing method based on PSO-SVM is utilized to predict the liquid level in the discharge chute. Three auxiliary variables, namely the feed manifold pressure PJ, the inlet temperature in the discharge chute T and the pressure of the butadiene separation system PC are selected to establish the softsensing model of the discharge chute. The convergence curve of fitness function shows that the PSO algorithm has a fast speed of convergence and very good convergence effect. The reliability and validation of the model shows that the predicted values of the model are in good accord with the experimental values. The results also show that soft-sensing method has excellent measurement performance and eminent engineering application value.
